Background/aims: Alterations of the IGF system have been described in several different types of cancer. However, no information is available about the role of the IGF system in patients with nonseminomatous germ cell cancer. Methods: Free IGF-I, IGF-II, acid-labile subunit, and IGF-binding proteins (IGFBPs) 1-4 were analyzed by specific RIAs in 32 patients with untreated non-seminomas and compared with IGFBP levels of 38 healthy controls. Serum IGFBPs were analyzed by western ligand blotting (WLB) and immunoblotting. In 16 patients, IGFBP profiles were measured before, during, and after treatment. Results: In patients with testicular cancer, IGF-II levels were on average 1.44-fold higher than in the healthy control group (1027G48 ng/ml versus 711G30 ng/ml, P!0.0001). IGFBP-2 levels were on average 2.6-fold higher (586G58 ng/ml versus 226G17 ng/ml, P!0.001). During follow-up, a decrease in IGFBP-2 levels was observed in all successfully treated patients, which correlated closely with a decrease in the tumor markers a-fetoprotein and human chorionic gonadotropin. Additionally, in all patients with recurrent disease, a significant further increase in IGFBP-2 levels (from 358G97 to 976G 260 ng/ml) was detected. IGFBP-3 levels, as measured by RIA, were not different in patients with testicular cancer compared with controls. However, WLB analysis demonstrated markedly decreased intact IGFBP-3 bands in untreated patients and a significant increase after successful therapy. Conclusion: Our results demonstrate that markedly elevated IGF-II and IGFBP-2 serum levels in patients with non-seminomatous germ cell cancer, showing a significant decrease after successful therapy and an increase in recurrent disease. Additionally, indirect evidence points to an increased proteolytic activity for IGFBP-3 in untreated testicular cancer patients.
Introduction
Testicular germ cell tumors are the most common malignancies in young men, and the incidence is increasing worldwide (1) . Testicular tumors can broadly be divided into germ cell and non-germ cell tumors. The vast majority (90-95%) of tumors are germ cell tumors, while the remainder are sex cord-stromal tumors, mixtures, and tumors arising in paratesticular tissues. Germ cell tumors are further divided into seminomatous and non-seminomatous germ cell tumors (seminomas and non-seminomas). Non-seminomas can be further classified histologically into embryonal carcinomas, teratomas (mature and immature), choriocarcinomas, yolk sac tumors, and tumors with mixed histological features (2) . Prognosis and choice of the adequate therapeutic regimen are dependant on tumor stage and additional clinical criteria, in particular with regard to the extent of tumor marker elevation (3) (4) (5) (6) . Testicular germ cell tumors are thought to be derived from cells in the germ cell lineage at different stages of development, which are blocked in maturation (2) . All testicular germ cell tumors progress through a non-invasive stage termed intratubular germ cell neoplasia unclassified or carcinoma in situ. Several factors have been associated with their pathogenesis, including cryptorchidism, elevated estrogens in utero, gonadal dysgenesis, and androgen insensitivity syndromes (7, 8) .
The insulin-like growth factors I and II (IGF-I and -II) are polypeptides, playing a key role in cellular metabolism, differentiation, proliferation, transformation, and apoptosis during normal development and malignant growth. Both, IGF-I and -II, are structurally related to proinsulin and secreted in an endocrine and paracrine/autocrine manner respectively. Both proteins mainly mediate their mitogenic effects by binding to the IGF-receptor type I (9, 10), which exhibits a high affinity for both IGFs. The IGFs also exhibit a high binding affinity to at least six specific IGF-binding proteins (IGFBPs 1-6), a family of structurally related peptides that are locally synthesized by most tissues and secreted in tissue-specific patterns. These peptides are capable of both inhibiting and enhancing IGF action and even have ligand-independent effects (10, 11) . There is a growing body of evidence showing that the IGF system controls growth and proliferation of several types of cancer. Epidemiological observations indicate that circulating IGF-I levels are positively associated with an increased risk for the development of several common tumors such as breast, colorectal, lung, prostate, and ovarian cancers. Additionally, overexpression of IGF-II and different IGFBPs are found in these types of cancer (8, 12) . IGF-I signaling has been shown to contribute to each stage of tumorigenesis: malignant transformation, tumor growth, local invasion, distant metastases, and resistance to treatment.
Although all components of the IGF system have been characterized in normal human testicular cells (13) (14) (15) , in contrast to the above-mentioned malignant tumors, no information is available on the role of the IGF system in testicular cancer. The few previously reported studies, using either immunohistochemical investigation of the IGF system in testicular intratubular germ cell neoplasias or RT-PCR analysis in a small number of germ cell tumors (14, 16) , show contradictory results, reporting upregulation of some components of the IGF system in early tumor stages (pT1), whereas downregulation of the same IGFBPs is reported for advanced tumor stages. Furthermore, in contrast to almost all other previously published data, a downregulation of the IGF-II mRNA has been reported in this study for seminomas, whereas other published data show a strong IGF-II mRNA expression in two of three germ cell cancers, with the strongest IGF-II expression seen in one embryonal carcinoma (17) . Therefore, the aim of the study was to assess possible changes in circulating serum IGF and IGFBP profiles in patients with nonseminomatous testicular cancer during and after treatment and to correlate these findings with tumor markers, tumor stage, and other clinical criteria such as the response to treatment and the risk of recurrence.
Materials and methods
In this study, free IGF-I and -II, acid-labile subunit (ALS), and IGFBPs 1-4 were analyzed by specific RIA/IRMA in 32 patients with untreated non-seminomatous germ cell cancer (mean age 30.6G1.7 years) and, as IGF ligands and binding proteins are age and sex dependent compared with IGF and IGFBP levels of 38 healthy age-and sexmatched controls (mean age 31.3G1.3 years). IGF and IGFBP levels in healthy controls were found to be within the normal range reported for this age group (18) . Additionally, serum IGFBPs were analyzed by western ligand blotting (WLB). Pooled serum of the 38 healthy control patients has been used as an internal control for the IGFBP analysis of the patient's serum samples by WLB.
For quantitative measurement of IGFs, IGFBPs, and tumor markers, serum samples of the patients were collected the day before starting chemotherapy and/or the surgical procedure to remove the testicular primary tumor in the few patients requiring no chemotherapy. Serum samples were stored immediately at K20 8C until further analysis. The study was performed according to the guidelines of the local ethical committee and all patients gave written informed consent. In 16 non-seminoma patients, IGFBP profiles were measured before, during, and after treatment for a mean follow-up period of 9.8G2.1 months and correlated with the tumor markers a-fetoprotein (AFP) and human chorionic gonadotropin (HCG) (as measured by specific RIA). In 6 of these 16 patients, recurrent disease was observed as verified by an increase in tumor markers and by morphological imaging procedures (computed tomography/magnetic resonance imaging scan). In these patients, serum samples have been collected for evaluation of IGFs, IGFBPs, and tumor marker serum levels before starting second or third line chemotherapy. The blood sampling for both the tumor markers and the samples for IGFBP and IGF analyses were performed at day 0, directly before starting chemotherapy, except for patients 3 and 8 (Table 1) , where the blood sampling was performed at days 3 and 7 after initiation of therapy. To better correlate IGF and IGFBP with the highly specific and sensitive tumor markers AFP and HCG, the study was confined to non-seminomatous germ cell tumors, showing a significant tumor marker elevation. For a detailed overview of the histological characteristics, tumor stage and specific treatment of the patients (see Table 1 ).
(3-125 I-iodotyrosyl) IGF-I (human recombinant, specific activity 2000 Ci/mmol) for WLB was purchased from Amersham Buchler GmbH & Co KG. IGFBP-3 antiserum for western immunoblotting (IGFBP-3 antibody specific to the COOH-terminal domain of IGFBP-3, 0.2 mg/ml) was purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
RIAs
Free IGF-I and -II, ALS, and IGFBPs 1-4 were measured by highly sensitive and specific IRMA/RIA kits or ELISA from Diagnostic Systems Laboratories DSL, Webster, TX, USA (free IGF-I IRMA #9400, IGF-II IRMA w/Extraction # 9100, ALS ELISA # 10-820, total IGFBP-1 IRMA # 7800, IGFBP-2 double Antibody RIA # 7100, total IGFBP-3 IRMA # 6600, IGFBP-4 ELISA # 10-7300), as described previously (19) . All assays have been validated for the use in human serum or plasma and their intra-and interassay coefficients of variation were less than 8 and 10% respectively. HCG and AFP determinations were performed using a double monoclonal IRMA (HCG) and a conventional RIA (AFP) as described previously (20) . 
WLB
The IGFBPs were characterized in the serum samples as described previously (21) . In brief, 10 ml of the serum samples were separated by 12% SDS-PAGE under nonreducing conditions in a Laemmli buffer system. Proteins were electrotransblotted onto PVDF membranes (Imobilon, Millipore, Munich, Germany). The IGFBPs were identified by autoradiography following overnight incubation of the filters with 125 I-labeled IGF-I at 4 8C.
Western immunoblotting
Samples were subjected to non-reducing gel electrophoresis and electrotransfered to PVDF-membrane as described previously. The membrane was blocked with 5% BSA and 0.1% Tween-20 in PBS for 12 h prior to incubation with the IGFBP-3 antiserum in PBS containing 1% BSA and 0.1% Tween-20 for 3 h. The PVDF membranes were washed twice with PBS containing 0.1% Tween-20 and incubated with a peroxidase-labeled second antibody for another 2 h. The membranes were then washed extensively for 1 h with PBS containing 0.1% Tween-20, and the immune complexes were stained using a horseradish peroxidase technique as described previously (22) . Quantitative evaluation of the binding proteins visualized by ligand blotting and IGFBP-3 degradation was carried out by densitometric scanning of the bands with the ImageScanner III System (GE-Healthcare Bio-Sciences AB, Uppsala, Sweden) and using NIH Image 1.63 software (23) .
Statistical analysis
All data are expressed as meanGS.E.M. Comparative data were analyzed by multivariate analysis and paired t-test with significance defined as P!0.05, unless otherwise mentioned.
Results

IGF-II and IGFBP-2 serum levels are elevated in patients with testicular cancer
In our study, serum levels for IGF-I and -II were analyzed in 32 patients with untreated testicular cancer (for detailed information of patient characteristics, see Table 1 ) and compared with healthy age-and sexmatched controls. For plasma-free IGF-I serum levels, no difference could be observed (222G8 ng/ml versus 209G16 ng/ml). By contrast, IGF-II levels were on average 1.44-fold higher in patients with untreated testicular cancer than in the healthy control group (1027G48 ng/ml versus 711G30 ng/ml, P!0.0001; Fig. 1 ). ALS levels (data not shown) tended to be higher in the tumor group but did not reach statistical significance (34.7G1.8 vs 30.7G1.1).
In addition to the analysis of IGF serum levels, quantitative determination of the IGFBPs 1-4 was performed. Western ligand blot analysis of the serum samples showed IGFBPs 1-4 being the predominant IGFBPs in the serum samples of the tumor patients and the healthy controls, similar to the data reported in the literature for normal human serum. Due to the large sample size required for both the ligand blot and the different RIA/IRMA analyses, quantitative determination of IGFBP-5 and -6 had to be spared. When IGFBP-1, -3, and -4 serum levels were measured by RIA/IRMA no statistically significant differences were found in both groups (Fig. 2) . Even though the IGFBP-4 serum levels tended to be higher in patients with testicular cancer, binding protein levels did not reach statistical significance. By contrast, IGFBP-2 serum levels were found to be significantly higher in patients with testicular cancer. In patients with untreated non-seminomatous germ cell cancer, the IGFBP-2 serum levels were on an average 2.6-fold higher than in the healthy control group (Fig. 2) . The normal serum IGFBP-2 levels in the healthy control group were within the normal range of serum IGFBP-2 levels 
www.eje-online.org reported for this age group in the literature (10). When IGFBP-2 levels were graded according to the tumor stage, a correlation between tumor stage and IGFBP-2 serum levels was found (IGFBP-2 89.00 ng/ml for stage I (nZ1), 528.93 ng/ml for stage II (nZ15), and 698.31 ng/ml for stage III (nZ16)). However, due to the small sample number of stage I patients, the differences in IGFBP-2 levels did not reach statistical significance.
IGFBP-2 serum levels show a significant decrease after successful therapy
In 16 patients with testicular cancer, IGFBP levels were analyzed before, during, and after therapy. All investigated patients received chemotherapy due to an advanced tumor stage and IGFBP serum levels were investigated for a mean follow-up period of 9.8G2.1 months. IGFBP-1, -3, and -4 serum levels did not show any significant changes after primary successful therapy as verified by normalization of tumor markers and a tumor regression on imaging procedures (Fig. 3) .
Serum levels remained constant during the whole period of investigation.
However, a significant decrease in IGFBP-2 levels after successful therapy was noted as early as 3 months after the start of therapy (Fig. 3) . In all 16 investigated patients, a continuing decrease in IGFBP-2 levels during the first 6 months after initiation of therapy could be observed in both the western ligand blot analysis and the IGFBP-2 RIA (Fig. 4) . Overall IGFBP-2 serum levels decreased on an average 60%. After 3 months, significantly lower IGFBP-2 levels were found in 90% of all investigated patients (Fig. 5) . After 6 months of therapy a significant decrease of IGFBP-2 levels was observed in all patients. In all patients with a complete remission of tumor disease, IGFBP-2 remained at constant levels not different from those measured in the healthy control group and did not further change (Fig. 5A) . In parallel to the decrease in IGFBP-2 serum concentration, a constant but less pronounced decrease in IGF-II serum levels was observed (Fig. 5B) . However, significantly lower serum concentrations were found only 12 months after initiation of therapy. 
Increase in IGFBP-2 serum levels correlate with tumor markers AFP and HCG
The decline in IGFBP-2 serum levels after successful therapy was in good correlation with the clinical history of the patients and the monitored tumor markers AFP and HCG, highly sensitive and specific tumor markers used for the diagnosis and monitoring of therapy in patients with testicular cancer. In parallel to the fall in IGFBP-2 levels, the tumor markers AFP and HCG did show a rapid decrease during therapy showing a significant correlation with the IGFBP-2 levels (rZ0.62 and 0.69 respectively; P!0.01). Three months after successful therapy, tumor markers returned to high normal levels and then remained constant in the low normal range during further follow-up.
IGFBP-2 serum levels show a significant increase in recurrent disease
When IGFBP-2 serum levels were investigated in patients with recurrent disease, initially a similar decrease in IGFBP-2 serum levels after chemotherapy could be observed (from 614.6G77.3 to 358.1G 97.5 ng/ml; P!0.01), with a significant decrease in IGFBP-2, 6 months after primarily successful therapy in parallel to the normalized tumor markers. However, at the time of relapse (median 397 days), a significant on average 2.7-fold further increase in IGFBP-2 levels could be detected with an increase in IGFBP-2 from initially 358.1G97.5 to 976.1G260.3 ng/ml, which paralleled the clinical history of recurrent disease and the rise in tumor marker levels.
Increased proteolytic activity for IGFBP-3 in untreated testicular cancer patients
As shown previously, in contrast to IGFBP-2, IGFBP-3 serum levels as measured by RIA were not different in patients with testicular cancer compared with the healthy control group and did not change during follow-up (Figs 2 and 3) . However, western ligand blot analysis using radioactive IGF-I as specific tracer and therefore detecting only intact forms of IGFBP-3, demonstrated markedly decreased IGFBP-3 bands in untreated patients with testicular cancer with a significant increase in intact IGFBP-3 bands after successful therapy (Figs 4 and 6A) . To detect fragments of IGFBP-3, we additionally performed western immunoblots with specific anti-IGFBP-3 antibodies to further evaluate possible proteolytic degradation of IGFBP-3 as a potential explanation of decreased total IGFBP-3 as demonstrated by western ligand blot analysis (Fig. 6B) . Western immunoblot analysis revealed large amounts of the major 30 kDa fragment of IGFBP-3 in untreated patients with testicular cancer and smaller amounts of IGFBP-3 fragments with 16 and 22 kDa. In parallel to the increase in intact IGFBP-3 as measured by densitometric quantification (Fig. 6C) , a decrease in the IGFBP-3 fragments seemed to occur, giving indirect evidence of an enhanced proteolysis of IGFBP-3 in untreated testicular cancer patients.
Discussion
The overexpression of IGF-II and IGFBP-2 mRNA has already been reported in different types of testicular tumors (14, 16, 17) . However, published data show contradictory results and to date, nothing was known on possible alterations of the IGF system in patients with testicular cancer on the protein-level in vivo. The present study is the first to demonstrate markedly elevated IGF-II and IGFBP-2 serum levels in patients with nonseminomatous germ cell cancer, showing a significant decrease after successful therapy and an increase in recurrent disease with good correlation with the tumor markers AFP and HCG.
Increased serum IGF-II and IGFBP-2 levels are found in patients suffering from various different kinds of malignancies such as lung, colorectal, adrenocortical, ovarian, prostate, and CNS cancers as well as in patients with lymphoid tumors and in children suffering from Wilms' tumor (24) (25) (26) (27) (28) . In several of these malignant tumors, serum IGFBP-2 and IGF-II levels correlate positively with tumor markers and tumor stage and are inversely correlated with survival. Additionally, they are highly prognostic for metastasis and recurrent disease and are generally thought to reflect overall tumor burden. The mechanism for the IGF-II overexpression Quantitative determination of IGFBP-3 serum levels in all 16 patients with testicular cancer using a specific RIA, detecting both total IGFBP-3, and its fragments shows no significant changes in IGFBP-3 serum levels before and after therapy (black bars), whereas densitometric quantification of intact IGFBP-3 bands of all western ligand blot analyses performed before and after therapy (gray bars) shows markedly decreased IGFBP-3 bands in untreated cancer patients, with a significant increase in intact IGFBP-3 after successful therapy, giving indirect evidence for an enhanced proteolytic activity for IGFBP-3 in untreated testicular cancer patients (**P!0.01).
found in these tumors is thought to be related, in part, to pathological genomic imprinting. The IGF-II gene maps to the 11p15 chromosomal region and is maternally imprinted, thus that in the adult, IGF-II is exclusively expressed from the paternal allele. Abnormalities in the imprinted 11p15 region, involving the maternally imprinted IGF-II gene, are highly specific for these malignant tumors. These alterations include loss of heterozygosity with paternal duplication of the allele and, less frequently, loss of imprinting, excessive transcriptional activation, or loss of transcriptional suppression. Usually, these genetic alterations result in a strong IGF-II overexpression. Since malignant testicular tumors also show a consistent loss of genomic imprinting (29) , it is tempting to speculate that the dysregulation of genetic imprinting in testicular cancer could be one reason for the observed increase in IGF-II serum levels in patients with testicular tumors.
Overexpression of IGFBP-2 is another common finding in malignant tumors. However, serum IGFBP-2 levels are not indicative of an increased cancer risk because in these tumors, serum IGFBP-2 levels are generally normal before the diagnosis of cancer (12, 30) . Clinical data are paralleled by many in vitro studies, also showing IGFBP-2 overexpression in various different cancer cell lines (31) . In these tumor models, IGFBP-2 has been found to act in several different ways like a modulator of IGF action, but has also IGF-independent effects, both inducing gene expression important for proliferation, cell adhesion, cell migration, and apoptosis (31) . However, the exact causes of the observed overexpression of IGFBP-2 are still unknown. The regulation of IGFBP-2 expression is highly complex and influenced by multiple hormones and growth factors (18) . Known hormonal regulators of IGFBP-2 expression include growth hormone, IGF-I, transforming growth factor-b, interleukin-1, estradiol, glucocorticoids, insulin, and, of particular interest with regard to the data presented here, IGF-II and HCG. Published data of our own group show that postnatal overexpression of IGF-II in transgenic mice results in elevated circulating IGFBP-2 serum levels. In normal testicular cells, HCG stimulates IGFBP-2 expression and administration of HCG to rats increases IGFBP-2 gene expression even in extra-gonadal tissues like the mammary gland (31, 32) . Since testicular non-seminomatous germ cell tumors can secrete large amounts of HCG as demonstrated in this study and show a direct correlation with the increase in IGFBP-2 serum levels, activation of the IGFBP-2 promoter by HCG, together with IGF-II, could be one explanation for the observed increase in IGFBP-2 serum levels in patients with testicular cancer, and therefore IGFBP-2, as demonstrated in our study, could serve as an additional biological marker in patients with testicular cancer. Our data show that IGFBP-2 was very sensitive in detecting disease activity, similar to the widely used standard tumor markers AFP and HCG, detecting active and recurrent disease in all investigated patients. Even though IGFBP-2 served as a very sensitive parameter for disease activity in our patients, due to its low specificity it was not superior to the tumor markers AFP and HCG and therefore will probably not be of additional value for routine clinical use in patients with non-seminomatous germ cell cancer showing strong tumor marker expression. However, it could be a valuable marker for disease activity in tumor marker negative testicular cancer patients like the most with seminomas. Since we did not investigate these tumor types due to a different study design, additional experiments are necessary to define the potential clinical role of IGFBP-2 as parameter of disease activity in tumor marker negative testicular cancer patients.
However, IGFBP-2 overexpression is not a phenomenon confined to testicular cancer and increased IGFBP-2 levels are not specific for indicating tumor disease, since an elevation of IGFBP-2 can be found in various different other conditions, usually associated with oxidative stress (33) (34) (35) , where increased IGFBP-2 expression was used to activate defense mechanisms. These observations led to the question of whether the frequently observed overexpression of IGFBP-2 in malignant tumors is the cause of tumor formation or rather the consequence. However, the most recent data provide evidence that IGFBP-2 plays a direct role in the development and progression of malignant tumors. In human breast cancer cells, Perks et al. (36) have shown that IGFBP-2 and IGF-II are able to regulate the phosphatase and tensin homolog deleted on chromosome 10 (PTEN), one of the most frequently mutated tumor suppressor genes that counters the survival and proliferative actions of many growth factors. One of the few external controls of PTEN that have been identified is IGF-II that activates the signaling pathways, which PTEN itself then deactivates. PTEN can also downregulate IGF-II expression suggesting a tightly controlled feedback loop in which IGF-II can enhance PTEN expression and PTEN can suppress IGF-II expression (36, 37) . This has been demonstrated recently in breast cancer cells and similar data have recently been published for the brain and prostate cancer (38) . PTEN has also been investigated in testicular germ cell cancer and here a specific loss of PTEN has been reported from the pre-invasive to the invasive state, underlining the pathophysiological relevance of this tumor suppressor gene in testicular cancer (38, 39) .
In addition to the markedly elevated IGF-II and IGFBP-2 serum levels in patients with non-seminomatous germ cell cancer found in this study, indirect evidence points to an enhanced proteolysis of IGFBP-3 in untreated nonseminoma patients. Similar to the modifications of IGF-II and IGFBP-2, the observed increased proteolysis of IGFBP-3 is not only found in patients with testicular cancer, but represents a frequently observed alteration in many other tumors (23, (41) (42) (43) . Recent studies identified several proteases secreted by different cancer cell lines which specifically cleaved IGFBP-3 and resulted in an increased IGF bioavailability. In breast cancer cells, the protease a disintegrin and metalloprotease 28 (ADAM28) has been recently demonstrated to be overexpressed, resulting in increased IGF-dependent carcinoma cell proliferation through cleavage of IGFBP-3 (44) . Comparable results were published for colon cancer cell lines, where matrix metalloproteinase-7-induced proteolysis of IGFBP-3 resulted in increased IGF bioavailability thereby promoting cell survival (45) . Recently, it has been demonstrated that the IGFBP-3 fragments itself can exert mitogenic effects in prostate carcinoma (PC)-3 cells (46) . The exact mechanisms responsible for an increased proteolysis of IGFBP-3 are still unclear. However, published data provide evidence for a direct role of IGFBP-2 in inducing IGFBP-3 proteolysis in cancer, since injection of IGFBP-2-overexpressing human epidermoid carcinoma cells into nude mice resulted in a faster tumor development and three to four times larger tumors than in controls (43) . Concomitant with IGFBP-2 expression in these tumors, an increase in IGFBP-3 proteolysis and an increase in the bioavailability of the IGF-II produced by the cells could be observed, resulting from amplified expression of tissuetype plasminogen activator and depression of its inhibitor observed in IGFBP-2-expressing xenografts (28) . That the concept of proteinase inhibitor modulation might have an impact on IGF-induced tumorigenesis has recently been demonstrated in a murine hepatic tumor model, where IGF-II signaling in neoplastic proliferation was blocked by transgenic expression of the metalloproteinase inhibitor, resulting in a modulation of tumorigenesis by a proteinase-dependent reduction of the activity of the tumor-inducing mitogen IGF-II (47) .
In summary, the presented data for the first time show significant alterations of the IGF system in patients with testicular cancer, similar to those observed previously in other common malignant tumors. The increasing knowledge about the molecular mechanisms of the complex regulation of IGF-II, the IGF-I receptor, and IGFBP 2 in growth control and tumorigenesis adds further support to the hypothesis that the IGF system is directly involved in the development and progression of malignant tumors. Because IGF targeting for anticancer therapy is rapidly becoming a clinical reality, a better understanding of these complex growth factor pathways is likely to have an impact on the design, mode of action, and clinical outcomes of newly developed drugs.
